Abstract
The genus oats (Avena) includes many species -Avena abyssinica, Avena byzantina, Avena fatua, Avena sativa, Avena strigosa, and others. More than 75% of oat areas in the world falls to oat varieties Avena sativa, the majority of the remaining part is covered by Avena byzantina, and only a low share is taken by A. strigosa and other species (S�������� 1986) .
Oats are a crop of cooler regions; the major percentage of the world oat production is concentrated in the Northern Hemisphere, between 35 and 50° of the northern latitude. At present, the greatest oat producers are Russia and other countries of the former Soviet Union, USA, Germany, Poland, Canada, Sweden, China, and Australia.
Oat grains have a high content of proteins whose qualitative composition, in relation to the consumer's body, is more favourable than in the remaining cereals. In addition, oat grains are marked by a high content of dietary fibre and the highest content of fats of all cereal, with a very good ratio between saturated and unsaturated fatty acids. The contents of Mg, Fe, P, Ca, and vitamins E and B 1 are also higher in oats comparing with other cereals (S�������� 1986) .
The discussions on the possibility of the use of oats for the coeliac diet among different countries, medical specialists and researchers have been led more than 40 years and the conclusions are still not unambiguous (R������� 1996; T������� 1997; K������� & C����� 2001) .
The composition of the protein complex of oats in view of the possibility of oat utilisation in the diet of patients with coeliac disease was evaluated in this work.
The protein content in oat grains, like in the other cereal species, is much influenced by the environmental conditions (weather conditions during the vegetative season, the level of nitrogen nutrition) as well as by the variety (B������ 1986) .
Regarding the applicability of oats for the glutenfree diet, the primary characteristics residet in the composition of the protein fractions -albumins, globulins, prolamins (avenins) and glutelins. With respect to coeliac disease, they belong to the most active fractions of prolamin proteins of relatively low molecular weight about 30 kDa. Prolamins (soluble in 50-70% ethyl alcohol or 40% 2-propyl alcohol) together with glutelins (soluble in 0.2-2% NaOH) form the so-called reserve proteins located in the grain endosperm. The reserve proteins form about 60-70% of the grain proteins of cereals. Prolamins are marked by a high percentage of glutamic acid, glutamin, and proline. On the other side, they have a low content of essential amino acids, above all of lysine. Liability to hydrolysis and hence also digestibility of the prolamin proteins are very low which has also been proved by experiments with laboratory animals (M������� & K������� 1988) .
The present studies assent to the fact that the prolamin content in oats is remarkably lower compared with those in wheat, rye or barley (S����� 1995; T������� 1997) . Oats contain approximately 10-15% prolamins of the total content of proteins, while wheat contains 40-50%, rye 30-50% and barley 35-45% of them (J��������� et al. 1995; T������� 1997) . K���� and F������� (1995) pointed out that if avenins (oat prolamins) are responsible for oats toxicity in coeliac patients, much higher amounts of oats should be consumed than of rye or barley to manifest identically "deleterious" effects.
Similarly to the composition of the protein fractions, the proportions of amino acids are different from those in other cereals. Particularly, higher contents of lysine, threonin, and methionin is a characteristic property. The different protein fractions are distinguished by differences in the composition of amino acids. As mentioned above, the prolamin fraction is marked by a high percentage of glutamine and proline and it is poor in lysine as compared with the other fractions. The albumin fraction shows higher contents of lysine and alanine and a lower one of glutamine. The compositions of amino acids of globulins and glutelins are similar and form the middle between albumins and prolamins (D����� 1973) .
In spite of the fact that, regarding the coeliac diet, in comparison with wheat, rye or barley, oats are marked by a more favourable composition of protein fractions as well as by the nutritionally more valuable composition of amino acids, oats toxicity for coeliac patients is still the subject of discussions. D���� et al. (1953) consider necessary to fully eliminate wheat, rye, barley, and oats from the food for coeliac patients. Based on the trials of B���� and R��� (1976) , they recommended a considerable limitation of oats in the food for coeliac patients. On the other hand, J��������� et al. (1995) in their experiments with the daily uptake of oats 50 to 70 g did not find any deleterious effect on intestinal mucous membrane, though they claimed that a higher oats consumption should be toxic for coeliac patients due to the similarity of the sequence of peptides in oats and wheat. S������� et al. (1998) monitored twenty coeliac patients who consumed higher oats rations, 100 g/day, for two years. The participants of the experiment could choose the form of oats consumed -oatmeal, bread, biscuits, scones etc. The results of the study did not show any negative impacts of the frequent consumption of greater amounts of oats neither in biopsy or nutritional status nor in the level of antibodies with the patients studied. R����� et al. (1992) reported that the introduction of oats into gluten-free diet has also other positive effects -the insoluble fibre helps to control the activity of bowels and increases the sensation of fullness, and the soluble fibre decreases the level of cholesterol. Gluten-free diet given to patients with coeliac disease can positively affect also some other diseases -recently, it has been found that in gluten-free diet the secretion of insulin in persons endangered by diabetes of the first type improved (P������ et al. 2003) . After R��� (1996) , however, the contamination of oats by wheat during harvest or processing may cause problems; therefore, it is necessary to pay maximal attention to these processes.
MATERIAL AND METHODS
A collection of sixteen different oats species of different provenance was used in the experiments. The samples of these oats were obtained from the gene bank of the Research Institute of Crop Production, Prague-Ruzyně. After the propagation, we sowed them in springs of 2001 and 2002 at the Experimental Station of the Czech University of Agriculture in Prague, at Uhříněves. The Experimental Station Uhříněves is situated on the periphery of Prague in the sugar-beet growing region of Central Bohemia. Oats were sown after a cereal forecrop, the area of the experimental plots was 10 m 2 , 4 replications; neither mineral nor organic fertilisers and pesticides were applied.
A survey of oats species and varieties used is presented in Table 1 , the weather pattern in the years 2001 and 2002 at the Experimental Station Prague-Uhříněves in Table 2 .
Oat samples were taken after the harvest for the following analyses:
(a) total nitrogen (determined by the method of Kjeldahl), (b) protein nitrogen (determined by the method of Berstein), (c) the composition of the protein fractions (discontinual fractionation after Osborne, modification by M������� et al. 1994, 2002) . The whole-grain groats were used for the determination. Albumins + globulins were determined by extraction with 10% NaCl (45 min/20°C/mixing; repeated three times), prolamins by extraction with 70% ethanol (45 min/20°C/mixing; repeated three times), glutelins by extraction with 0.2% NaOH (45 min/20°C/ mixing; repeated three times), (d) the composition of the reserve proteins by electrophoresis (SDS-PAGE ISTA). Standard vertical discontinual electrophoresis in polyacryl amide gel under the presence of sodium dodecyl sulphate (SDS), equipment SE 600 electrophoresis unit, Hoefer Pharmacia Biotech, (e) the composition of prolamin proteins by electrophoresis (A-PAGE), (f) immunological determination of the prolamin amount (ELISA, RIDASCREEN-Gliadin kit). The principle of the test resides in the reaction in which monoclonal antibodies detect gliadin fractions from wheat and the corresponding prolamins from rye, barley, and oats. For the determination, wholegrain groats were used (1 g of groats was extracted with 10 ml 60% ethanol, after centrifugation the supernatant was applied on a micro-plate with antibody). After incubation and rinsing, the antibody conjugated with peroxidase was applied, the reaction with the substrate and chromogene followed, and after its termination, the optical density was read. According to the data presented in "Codex Alimentarius", foods that contain less than 10 mg gliadins per 100 g of sample dry matter can be considered as suitable for gluten-free diet.
RESULTS AND DISCUSSION
The results of the determination of total and protein nitrogen and of crude protein (average of two determinations) in the oats varieties studied are presented in Table 3 .
After R������ et al. (1971) and B������ et al. (1975) , there exist a wide range of the protein concentration in oat grains in the dependence on the species and variety. Together with it, the content of proteins in oat grains is significantly influenced, like in the other cereals, also by the environmental conditions, mainly by the weather pattern during the growing season as well as by the agricultural practices of cultivation, particularly by the level of nitrogen nutrition. P������� and B������� (1986) reported that the content of proteins in oat grains ranges usually between 15 and 20%.
Great differences between different varieties followed also between both experimental years are given in Table 3 . They are evident in the content of crude protein (N × 6.25), where the Finnish cultivar Pelso reached the lowest content (12.88%), while the highest crude protein content (17.56%) was found in the French cultivar Mesdag. In 2002, the lowest content of crude protein was found in the American cultivar Sierra and the Rumanian cultivar Populatic Ratbar (15.81%), the highest in the Czechoslovak cultivar Selekty Horsky (19.06%).
Relatively significant differences in the contents of the total nitrogen, protein nitrogen and crude protein in both years of 2001 and 2002 can be ascribed to the particularly different weather patterns in the time of grain formation and ripening in both years. In 2002, in which the contents of the total nitrogen, protein nitrogen and crude protein were higher than in 2001, the average daily air temperature in June was higher by 3.1°C and in July by 0.65°C compared with the previous year. Year 2002 was the year with an above normal precipitation that decelerated the ageing of the assimilation apparatus of the upper part of the plant which is usual at high temperatures. Generally, the effect of higher temperatures is manifested by increased respiration of plants which reduces the amount of assimilates of the saccharide nature and thus, the percentage of proteins is increasing. The combination of significantly above-average temperatures and above-average precipitation is relatively rare. A high sum of precipitation should decrease the amount of proteins in grains (Table 2) under the normal pattern of temperatures.
The percentages of different protein fractions play a decisive role for the aims of this study. Based on the existing knowledge, coeliacally active protein components are present particularly in the prolamin fraction. J��������� et al. (1995) reported the percentage of prolamins (avenins) in oats to be between 10 and 15% of the total protein, P������� and B������� (1986) in oats, ranges between 9 and 20% of the total protein (P������� & B������� 1986) . After a majority of authors, globulins are a prevailing fraction of proteins in oat grains. B������ and S�������� (1954) reported the percentage of this protein fraction, soluble in salts, to be as high as about 80% of the total protein. After P������� and S���� (1976) , globulins in oats are the predominant protein fraction of oats, their share ranges between 46 and 50%. P������� (1976) reported in a further study that the percentage of globulins in several oats studied ranged around 52% and fluctuated in the dependence on the environmental conditions, nitrogen fertilisation, and variety. The author also reported that the percentage of another protein fraction, glutelins, amounted to 21-27% of the total protein. P������� and B������� (1986) then reported, on the basis of their further results, the percentage of globulins in oat grains to range between 70 and 80%. On the other hand, German authors stated on the basis of their results that glutelins are a major protein fraction of oat grains, and that the percentage of globulins ranges only between 12 and 19% (V����� 1975; W����� et al. 1980) (Table 4) .
Electrophoretic analysis brings accurate and detailed results on the structure of the protein complex, that is A-PAGE of prolamin proteins and SDS-PAGE as developed for the reserve, gluten proteins.
The evaluation of SDS-PAGE electrophoretic analysis of the reserve proteins is given in Table 5 . Glutelins are divided into two groups -high-molecular (HMW) and low-molecular (LMW) ones. They differ from prolamins by that they contain intramolecular and intermolecular disulfidic bonds, while prolamins contain only intramolecular disulfidic bonds (http://www.e-celiaks.org/2%20Ce-liac%20Disease in Adults.htm).
The representation of the reserve proteins, particularly LMW + prolamins, in our oat samples Prolamins are classified into α-, β-and γ-prolamins containing intramolecular disulfidic bonds, and ω-prolamins that do not contain these bonds. It was found that α-, β-and γ-prolamins contain coeliacally toxic sequences of amino acids -in the case of oats it is the sequence -Gin-Gin-Gin-Pro (Gin = glutamine, Pro = proline); ω-prolamins do not contain toxic sequences of amino acids, therefore they are considered non-toxic for the patients with coeliac disease (S������� et al. 1990; R������� 1996) .
The results of A-PAGE electrophoretic analysis of prolamin proteins are presented in Table 6 . The presence of ω-prolamins was not recorded, β-and γ-prolamins participated in the total content of prolamins in 2001 11-49%, in 2002 0-22%; α-prolamins 50-88% in 2001, in 2002 78-100%. These values do not give serious guarantees on the possible utilisation of oats in gluten-free diet.
Immunological determination of the amount of prolamins in oats grains is an important indicator for the assessment of the suitability for the coeliac diet using ELISA (Table 7) .
It can be seen that distinct differences occurred between different oat samples assessed. The values of some samples (samples No. 2, 4, 5, 9, 10, 11 and 13 in 2001, in 2002 all evaluated samples except No. 6 and 7) were below the limit for gluten-free diet -10 mg of prolamins (gliadins)/100 g of sample dry matter -and thus they should be suitable for the gluten-free diet. On the other hand, samples No. 1, 3, 6, 7, 8 and 12 in 2001 and No. 6 and 7 in 2002 exceeded the limit, particularly in 2001, very significantly, and their usability for the diet in coeliac disease did not come into account.
A significant influence of the year on the amount of prolamins is also evident from the results (Table 7) obtained in immunological testing when the values found in 2002 were much lower and, consequently, also more favourable compared with those in 2001.
The year evidently affected the content of prolamins -lower percentage of prolamins in 2002 as compared to that in 2001 was determined in the evaluation of the protein fractions by the method acceptable for the patients with various forms of coeliac disease. Of course, it is necessary to take into account "dilution" of the prolamins content in a certain food, for example oats porridge, bakery products, oats flakes etc., in the dependence on the cooking procedure and the eventual portion of other components in concrete foods. However, the basic presumption, especially in alternative crops utilisation for gluten-free diet, should be also "safe" input raw material, that is oats grain. R e f e r e n c e s B���� P.G., R��� A.E. (1976) A great variability was unambiguously found in the results obtained in the evaluated collection of species and varieties of oats concerning the structure of the protein complex and the results of immunological testing. In addition, a significant effect of the year on the results of all analyses was evident. Based on our results, the use of oats in the diet for coeliac disease can be very risky for these reasons.
Within the framework of the further examination of the possibilities of oat utilisation in gluten-free diet, it is necessary to focus on the selection of oat genotypes, that should, in a stable way, under various soil-climatic conditions and in greater number of experimental localities and years, reach the amounts of prolamins suitable for the diet in coeliac disease. Only then will it be possible to carry out detailed clinical tests on selected collections of patients with coeliac disease to examine their reaction and to determine the doses of oats
